These are known as F2 terminals, and unlike F1 termiSummary nals, they are both pre-and postsynaptic. These F2 terminals also comprise a part of triadic synaptic arThe thalamic relay to neocortex is dynamically gated. The inhibitory interneuron, which we have studied in rangements that are found throughout the thalamus in complex synaptic zones known as glomeruli (for review, the lateral geniculate nucleus, is important to this process. In addition to axonal outputs, these cells have see Sherman and Guillery, 1996). Two types of triad have been described ( Figure 1A) 
bicuculline methiodide (BMI; 30 M) or 2-(3-carboxya presynaptic and postsynaptic role, and derives from peripheral dendrites of local interneurons. There are two propyl)-3-amino-6-(4-methoxyphenyl)pyridazinium bromide (S-95331; 10-20 M), indicating that these events patterns of innervation by these terminal types that relate to two distinct relay cell classes ( Figure 1A ). One, were IPSCs mediated by GABA A receptors (see below). Figure 1A schematically illustrates the known circuits which we refer here to as Type I, receives GABAergic innervation only or nearly so via F1 terminals. In the for providing GABAergic synaptic inputs to thalamic relay cells. These synapses can arise from two types of lateral geniculate nucleus of the cat, this is characteristic of relay Y cells. The other, Type II, receives GABAergic terminals: one is the F1 terminal, which is a conventional, strictly presynaptic terminal that emanates from axons innervation from the same pattern of F1 terminals, but in addition receives inputs from F2 terminals. This is the of either local inhibitory interneurons or thalamic reticular cells; the other is the F2 terminal, which serves both pattern characteristic of relay X cells in the cat's lateral More interesting was the effect on the remaining 35 tero, 1986). Here, a particular presynaptic element, usu-(59%) relay cells in the presence of TTX. In these neually from either a glutamatergic retinal axon or a cholinerrons, the ACPD-mediated increase in sIPSC activity gic axon from the parabrachial region of the brainstem, persisted in TTX despite some attenuation ( Figure 1E ; synapses onto both the F2 terminal and a relay cell TTX-insensitive). The partial attenuation suggests that dendrite, while the F2 terminal contacts the same relay a component of the response is similar to that described cell dendrite ( Figure 1A) geniculate nucleus, we initially tested ACPD on rat geconditions (see below). It is worth noting that a change niculate relay neurons. As in the cat, ACPD produced a in frequency of sIPSCs alone strongly implicates a prerobust increase in the frequency and amplitude of synaptic site of action, but a change in amplitude could sIPSCs in 21 of 23 (91%) cells tested ( Figure 1F ). In 12 occur pre-or postsynaptically.
of the 21 (57%) cells showing an ACPD effect, we further In 59 of 64 (92%) relay cells recorded in the cat's lateral tested the effects of adding TTX and found that the geniculate nucleus, ACPD (125-250 M) produced a ACPD effect was completely attenuated in 4 (33%; a robust, long-lasting increase in both frequency and am-TTX-sensitive effect; data not shown) but was only parplitude of sIPSCs ( Figures 1D and 1E, Control) . There tially attenuated in the remaining 8 (67%) cells (Figure are four obvious possible sources for this increase (Fig-1F) . Similarly, in rat ventrobasal relay cells, ACPD here ure 1A): (1) ACPD could excite cells of the thalamic produced a robust increase in sIPSC activity in 14 of 23 reticular nucleus, and elevated activity in reticulotha-(61%) relay cells ( Figure 1G ). However, in 13 of the 14 lamic axons would increase sIPSCs via the axonal F1 cells showing this increase, we further tested for effects terminals; (2) similarly, ACPD could act by exciting inof TTX and found, in contrast to rat geniculate neurons, terneurons, thereby increasing activity in their axons and that the ACPD-mediated increase in sIPSCs was com-F1 outputs onto the relay cell; (3) ACPD could directly pletely attenuated by TTX in all 13 cells ( Figure 1G ). This stimulate F1 terminals to increase their output onto the complete TTX sensitivity of the ACPD effect suggests relay cell; and (4) ACPD could similarly act directly on that the increased sIPSC activity in VB neurons during the F2 terminals. Figure 3A ; n ϭ 3) or by the specific anatomically in a "blind" manner-meaning that the anaGroup I antagonist (S)-4-carboxyphenylglycine (4CPG; tomical analysis was done with no knowledge of the Figure 3B ; n ϭ 3). In these 6 neurons, the mGluR agonist physiological data from the same cells. In every case, the produced an average increase in sIPSC frequency by morphological identification matched the physiological 205% Ϯ 79%, which was significantly different from data. That is, 11 of 13 cells displayed Type II morphology control levels (p Ͻ 0.02). In the presence of the antago-( Figure 1C ), and in each of these neurons, there was a nist, the increase in sIPSC frequency was attenuated to TTX-insensitive action of mGluR agonists. In the rean average of 143% Ϯ 55%, significantly different from maining two neurons with Type I morphology (Figure agonist-mediated increase in sIPSC frequency in control 1B), the effect of mGluR agonists on sIPSC activity was conditions (p Ͻ 0.02). Taken together, these data suggest that the effect of ACPD on F2 terminals is conveyed entirely TTX sensitive. 5B, top cumulative probability distribution). In these -dependent component that is presumed to be preinsensitive ( Figure 4B ). In 5 other neurons, the increase in sIPSC activity in response to ACPD and AMPA was synaptic because of the lack of alteration in IPSC amplitude in the low Ca 2ϩ condition. Thus, similar to the ACPD TTX sensitive. Thus, in these 12 neurons, the data are consistent with two different neuronal populations (e.g., effect ( Figure 5A and Cox et al., 1998), the AMPA-mediated response seems due to the presynaptic effect on Type I and Type II; see Figure 1A ). However the remaining 4 neurons responded in an manner inconsistent F2 terminals.
Because these observations suggested that AMPA with this conclusion. In 3 of these neurons, the response to ACPD was TTX sensitive and the AMPA-mediated could be acting on F1 or F2 terminals, or both, we once again took advantage of the lack of interneurons and response was TTX insensitive. In the remaining neuron, the ACPD-mediated action was TTX insensitive, F2 terminals in the rat's ventrobasal complex. As illustrated in Figure 4C Figure 6A ). In the design similar to that described above for glutamate pharmacology to test for the effects of cholinergic transremaining cell, MCh did not alter the sIPSC activity. In TTX (1 M), the MCh-mediated transient increase in mission in the inhibitory circuits depicted in Figure 1A . Because the TTX-insensitive actions of mGluR activasIPSCs was attenuated in all 17 cells, indicating that this is mediated via increased activity in axons of intion are likely to be associated with Type II circuitry involving relay X cells, and these were the cells of interterneurons and/or reticular cells and does not involve F2 terminals. However, the long-lasting suppression of est, we altered our strategy somewhat. Relay X cells are smaller than are relay Y cells (Friedlander et al., 1981) .
sIPSC activity persisted in 16 of the 18 neurons (i.e., TTX insensitive). In a subset of 12 neurons that were Instead of recording from cells regardless of size, we took advantage of the optics of our recording set-up to tested in control and in TTX, the MCh-mediated suppression of sIPSC activity persisted in both conditions target smaller neurons selectively, and as noted below, this strategy seemed to work in the sense that the great in 11 of these (92%) cells. Note that the TTX-insensitive effects of MCh-suppression of sIPSCs-are opposite majority of recorded neurons behaved as if they were associated with Type II circuitry. In these experiments, in sign to those of ACPD, which involves an increase in sIPSC activity (see also below). The presence of strong we used agonists for both muscarinic (i.e., metabotropic) and nicotinic (i.e., ionotropic) receptors.
TTX-insensitive effects implies that muscarinic receptors are activated directly on F1 and/or F2 terminals.

Muscarinic Receptors
The general muscarinic agonist acetyl-␤-methylcholine Furthermore, this activation results in suppression of transmitter release, which in turn suggests that MCh chloride (MCh, 250-500 M) produced an initial transient increase in sIPSC activity followed by a long-lasting may hyperpolarize these terminals. Figure 5C , top cumulative probability sIPSC activity with or without the addition of TTX ( Figure  6B ). These data indicate that the TTX-insensitive dedistribution). However, sIPSC amplitudes were not significantly altered in the low Ca 2ϩ /high Mg 2ϩ solution, crease in sIPSCs mediated by MCh in the cat's lateral geniculate nucleus is not due to a direct action on F1 although MCh still reduced the frequencies of IPSCs ( Figure 5C , bottom cumulative probability distribution). terminals and thus involves only F2 terminals. This also suggests that MCh has no detectable effect on reticuloUnlike the ACPD-and AMPA-mediated actions, the MCh-mediated suppression of sIPSC frequency was thalamic axons innervating these relay neurons, perhaps because these axons have been severed from their parnever completely attenuated in the low Ca 2ϩ solution, suggesting that there may be a Ca 2ϩ -independent preent somata in the process of preparing the slices for recording or as a result of low spontaneous activity of synaptic action that reduces IPSC frequency but is not likely a postsynaptic action that reduces IPSC amplithese cells in the slice preparation.
Our working hypothesis is that activation of muscatude. In any case, our data indicate that most of the reduced sIPSCs due to MCh application are presynaptic rinic receptors on F2 terminals hyperpolarizes these F2 terminals and thereby decreases GABA release onto the and operate via F2 terminals. As with metabotropic glutamate receptors, many subrelay cell innervated by these F2 terminals. Similar to the results with ACPD and AMPA application, we thus types-at least 5-of muscarinic receptors (M 1 through M 5 ) have been identified (Kubo et al., 1986; Bonner et al., predict that this would be a Ca 2ϩ -dependent process and have tested this in 7 neurons. As illustrated in Figure  1987 ; Caulfield, 1993 Figure 6A ). Like AMPA, DMPP also produced an inward current that appeared independent of the agonist MCh is completely blocked. The effect of pirenzepine on the frequency of sIPSC activity for the two neurons action on sIPSC activity (e.g., Figures 6A and 6B) , which again is likely due to a difference in the holding potential is summarized in Figure 7C . There is clearly a concentration-dependent attenuation of MCh suppression by pirenand the reversal potential of the DMPP induced current and/or a space clamp problem. These data support the zepine that suggests the involvement of M 2 muscarinic receptors. To investigate the potential role of this recepabove conclusion that the nicotinic effect seems to be borne by increasing activity in interneuron or reticulothator subtype further in 5 neurons, we used the more specific M 2 receptors antagonist methoctramine. As illamic axons and their F1 terminals, and the complete lack of any remaining TTX-insensitive effect further indilustrated in Figures 7B and 7D , the MCh-mediated suppression of sIPSCs was clearly attenuated by methoccates that there is no substantial presence of nicotinic receptors on F2 (or F1) terminals. The TTX-sensitive tramine. In the presence of TTX, MCh produced a significant suppression in the frequency of sIPSCs relaincrease in sIPSC activity by DMPP was observed in both types of MCh-mediated actions: TTX-insensitive tive to control levels ( Figure 7D, black bars; DMPP produced a robust increase in sIPSC activity that activity that can occur independent of action potentials, presumably through depolarization of the F2 terminals. was completely abolished by TTX ( Figure 6B ), consistent with an increase in reticular cell activity via activation This increase in GABA release from F2 terminals increases inhibition in the relay neuron. In contrast, activaof nicotinic receptors; in the other 2 relay cells, DMPP had no detectable effect in either condition. These data tion of M 2 muscarinic receptors produces a strong suppression of sIPSC activity, which is also independent of further indicate that DMPP does not directly affect F1 terminals, supporting the conclusion from our study of action potentials and consequently leads to a disinhibitory action on the relay cell. These opposing actions the cat's geniculate cells. 
Effects Involving Ionotropic Receptors
We found no TTX-insensitive effect in the lateral geniculate nucleus for activation of nicotinic receptors, and thus, there is no evidence that F1 or F2 terminals can be directly affected by nicotinic agonists. However, we did find TTX-independent effects to AMPA that were quite similar to those in response to ACPD. With one exception, we can apply the same logic as applied above to argue that the TTX-sensitive effects of AMPA are likely to be due to direct activation of F2 and not F1 terminals. The exception is that there is at present no immunocytochemical evidence available that can address this issue. We thus conclude that F2 terminals of interneurons have iGluRs and that F1 terminals of either interneurons or cells of the thalamic reticular nucleus lack these receptors but emphasize that this conclusion is weaker than that for metabotropic receptors. the strength of any iGluR-mediated EPSPs activated in the relay cell. In this regard, the relative strength in the relay cell of the monosynaptic EPSP and disynaptic trobasal complex suggest that the effect is not mediated through the subset of F1 terminals that derive from cells IPSP resulting from iGluR activation would be fairly constant. In contrast, we would predict that the activation of the thalamic reticular nucleus ( Figure 1A) 
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